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Introduction
In optimal design dome problems of technical interest remain open, to the authors' knowledge. Thus in some problems of a unilateral contact between elastic bodies the shape of the boundaries should be optimized to obtain minimal cost functional such as the integral of energy, contact forces or displacements.
It is the aim of the paper to start the analysis of this class of problems on a simplified model with a unilateral problem in R for the Poisson equation and Signorini'a boundary conditions. On a given part of the boundary the Dirichlet homogeneous condition is prescribed and the remaining part -with unilateral conditions -has to be determined.
In Section 1 we prove the existence of a solution for 4 different cost functionals and for one common state problem, which is formulated in terms of a variational inequality on a variable domain. In Section 2 finite element approximations are proposed, employing piecewise linear approximations of the unknown part of the boundary and piecewise bilinear finite elements on a uniform mesh in a reference square domain. In Section 3 we study the convergence of the approximations and in Section 4 some numerical methods are discussed.
Existence of a solution to the model problems.
We introduce the following model problems. Using also some simplifications we define the approximate inequality on the reference domain XI 
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